Breast milk feeding (BMF) is associated with lower neonatal morbidity in the very preterm infant (<32 weeks gestation) and breastfeeding is beneficial for maternal health. Previous studies show large variations in BMF after very preterm birth and recognize the need for targeted breastfeeding support in the neonatal intensive care units (NICU). In a European collaboration project about evidence-based practices after very preterm birth, we examined the association between maternal, obstetric, and infant clinical factors; neonatal and maternal care unit policies; and BMF at discharge from the NICU. In multivariable analyses, covariates associated with feeding at discharge were first investigated as predictors of any BMF and in further analysis as predictors of exclusive or partial BMF. Overall, 58% (3,826/6,592) of the infants received any BMF at discharge, but there were large variations between regions (range 36-80%). Primiparity, administration of antenatal corticosteroids, first enteral feed <24 hr after birth, and mother's own milk at first enteral feed were predictors positively associated with any BMF at discharge. Vaginal delivery, singleton birth, and receiving mother's own milk at first enteral feed were associated with exclusive BMF at discharge. Units with a Baby Friendly Hospital accreditation improved any BMF at discharge; units with protocols for BMF and units using donor milk had higher rates of exclusive BMF at discharge. This study suggests that there is a high potential for improving BMF through policies and support in the NICU. 
Breast milk feeding (BMF) benefits mothers and infants regardless of setting (Victora et al., 2016; WHO, 2011) . For the very preterm infant (born <32 weeks of gestation), BMF reduces neonatal morbidity, such as necrotizing enterocolitis (NEC), (Lucas & Cole, 1990; Quigley & McGuire, 2014; Sisk, Lovelady, Dillard, Gruber, & O'Shea, 2007; Sullivan et al., 2010) and is associated with lower rates of late-onset sepsis (Corpeleijn et al., 2016; Underwood, 2013) , retinopathy of prematurity (Bharwani et al., 2016; Manzoni et al., 2013) , and improved long-term neurocognitive development (Larroque et al., 2008; Lucas, Morley, Cole, Lister, & Leeson-Payne, 1992) . In addition, increased duration of breastfeeding is associated with reduced risk of breast and ovarian cancer and cardiovascular disease as well as maternal psychological wellbeing (Chowdhury et al., 2015; Schwarz et al., 2009; Victora et al., 2016) .
After very preterm birth, several factors can hinder establishment of adequate breast milk production. Mothers and infants may be separated during the long hospitalization, and the mother will need to express breast milk for several weeks before the infant can feed sufficient milk volumes from the breast directly (Acuna-Muga et al., 2014; Alves, Magano, Amorim, Nogueira, & Silva, 2016; Alves, Rodrigues, Fraga, Barros, & Silva, 2013; Callen & Pinelli, 2005; Furman, Minich, & Hack, 2002) .
The Baby-Friendly Hospital Initiative (BFHI) for Neonatal wards is an adaptation of the WHO "Ten steps to successful breastfeeding" (World health Organization, 2009) for neonatal wards. It was developed by an expert group, the "Nordic and Quebec Working Group" (Nyqvist et al., 2013) , aiming at improving breastfeeding in infants cared for in the neonatal intensive care unit (NICU). This new guideline stresses the importance of early initiation of BMF, skin-toskin contact, breastfeeding support including antenatal information and continued support throughout the hospital stay, and a follow-up plan (Nyqvist et al., 2015) .
The aims of this study were to investigate BMF rates at discharge from neonatal intensive care in a large European cohort of infants born very preterm, and to explore maternal, obstetric and infant factors, as well as maternal and neonatal unit policies that might influence BMF at hospital discharge.
| METHODS

| Context and setting
Data for this study were obtained from the EPICE (Effective Perinatal Intensive Care in Europe) cohort and unit studies. EPICE is a European collaboration project investigating the use of evidence-based practices and their associations with outcomes in a cohort of very preterm infants born below 32 weeks of gestation in 11 countries in 19
European regions during 12 consecutive months in [2011] [2012] (6 months in France; Zeitlin et al., 2016) .
For the cohort study, maternal, obstetric, and infant data were abstracted from medical records using a structured data collection instrument, pretested and jointly revised in the EPICE research group.
For the unit study, questionnaires were sent out to the heads of the maternity and neonatal units participating in the EPICE study during the spring of 2012 to collect information about policies and practices of medical and care interventions for women at risk of delivering very preterm and for very preterm infants. The questionnaires included questions about the volume of admissions, staffing, perinatal practices, and presence of protocols. The interventions that were studied were based on clinical importance and quality of wellestablished evidence of their use (or nonuse), and breastfeeding was one of the interventions. The questionnaire could be filled in by several people together in the unit, and if there was an on-going randomized controlled trial, the units were asked to respond about "usual" practices.
| Ethics
For each region, ethical approval was obtained from regional or hospital ethics committees, as required by national legislation, and parental consent (an active written consent or passive consent i.e., the parents have received information about the study and are assumed to have consented if not stated otherwise) was obtained according to regional and hospital ethics committee requirements.
| Participants
All infants born alive in hospital between 22 + 0 and 31 + 6 weeks of gestation and admitted to neonatal intensive care were included in the present study (N = 7,610) . We excluded in hospital deaths, infants with missing data on vital status at discharge, and infants never fed or missing nutritional data at discharge. Infants were followed until final discharge from neonatal intensive care. The final study population consisted of 6,592 infants. Inclusions and exclusions are shown in Figure S1 .
The unit study included neonatal units with at least 10 very preterm admissions during the study period, as well as the maternity unit associated with each neonatal unit. Only infants admitted and discharged from the same unit were linked to units with answers from both maternal and neonatal unit questionnaires to be able to assign the
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• There are still large variations in breast milk feeding at discharge of infants born very preterm despite known benefits of breast milk and breastfeeding.
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infant to the correct unit exposure, regardless if the infant was transferred or not during hospital stay.
Data for this analysis were collected from 82 units who cared for 3,765 infants in the sample.
| Exposure
The unit questionnaire covered availability of dedicated lactation personnel, advice given about when to start milk expression, if the unit was accredited a Baby Friendly Hospital or national equivalent, provision of donor milk, and maternity and neonatal policies as shown in Table 1 . Investigated unit policies were associated with interventions that could potentially influence establishment of lactation (Kramer et al., 2001; Maastrup, Bojesen, Kronborg, & Hallstrom, 2012; Merewood, Philipp, Chawla, & Cimo, 2003; L. A. Parker, Sullivan, Krueger, & Mueller, 2015; M. G. Parker, Burnham, Mao, Philipp, & Merewood, 2016; World health Organization, 2009) . If there were incomplete answers, reminders were sent to the units, and in some cases, telephone interviews were performed for completion of the questionnaire.
| Outcome measures
BMF status at discharge was investigated as receiving maternal breast milk, without differentiating between mother's own milk and donor milk, and defined as receiving only maternal breast milk (exclusive BMF); or a combination of maternal breast milk and formula (partial BMF); or only formula (no BMF). Feeding at discharge was considered regardless of route (feeding at breast, tube, cup or bottle). In the analyses, BMF exclusively or partially at discharge were also combined into one category, and defined as any BMF. Breastfeeding from the breast at discharge is described in the group of infants receiving any BMF. Mikolajczyk et al., 2011; Zeitlin et al., 2017) , Apgar score < 7 at 5 min, time of first enteral feed; <1 day, 1-6 days, or >6 days, mother's own milk at first enteral feed, any major congenital anomaly, any major neonatal morbidity, such as intraventricular haemorrhage grade ≥ 3 according to Papile's classification (Papile, Burstein, Burstein, & Koffler, 1978) , cystic 
| Missing data
The proportion of missing data was 0.3% for maternal age, 9.9% for maternal country of birth, 1.8% for preeclampsia/eclampsia/HELLP, 0.8% for type of delivery, 2.8% for time of first enteral feed, 7.8% for mother's own milk at first enteral feed, 3.5% for any major morbidity, 2.0% for bronchopulmonary dysplasia, and 4.6% for Apgar score. In the regression analysis, missing data for preeclampsia/eclampsia/ HELLP and any major morbidity was treated as "no"; otherwise, we carried out a complete case analysis. We used a mixed-effects modified Poisson model with robust standard errors to estimate risk ratios with 95% confidence intervals (Zou & Donner, 2013) for the associations between maternal, infant and neonatal unit characteristics, and BMF outcome at discharge. This model accounted for the clustering of infants within mothers and
NICUs. NICU corresponds to the unit where the infant spent the first 48 hr after birth (as early establishment of milk production is most likely to be influenced by first unit).
| Unit policies and BMF at discharge
Descriptive statistics of unit policies are presented as numbers and proportions, and differences between BMF groups at discharge were tested using chi-squared test.
In regression analyses of the association between unit policies and BMF outcome at discharge, risk ratios were calculated using the same methodology described above with the following exceptions: first, the multivariable model did not adjust for time of first enteral feeding and own mother's milk at first enteral feed, as these can be intermediate variables in the causal pathway between the exposure, unit policy, and BMF at discharge; second, region, instead of unit, was used as the random variable.
| Breastfeeding at breast at discharge
Descriptive statistics of breastfeeding at breast are presented as numbers and proportions.
Analyses were computed using STATA IC 14.0 (www.stata.com).
| RESULTS
In this cohort of 6592 infants, 58.0% (3826) 
| Any versus no BMF at discharge
Characteristics differed between the infants receiving any versus no BMF at discharge (Table 2) . After adjustment, obstetric and infant covariates that were positively associated with the likelihood of receiving any BMF at discharge were: primiparity, administration of antenatal corticosteroids, first enteral feed at less than 24 hr after birth, and
Breast milk feeding at discharge from neonatal care after very preterm birth across included regions maternal breast milk at first enteral feed. Low GA, higher PMA at discharge, and neonatal morbidity were negatively associated with the chance of receiving any breast milk at discharge.
| Exclusive versus partial BMF at discharge
Among infants receiving BMF, maternal and infant covariates that were positively associated with exclusive BMF at discharge in multivariable models were vaginal delivery, singleton birth, and receiving maternal breast milk at first enteral feed (Table 3) . Having a nonnative mother was associated with a lower chance of exclusive BMF at discharge, as was increasing PMA at discharge. Parity, preeclampsia/eclampsia/HELLP, administration of antenatal corticosteroids, GA, SGA, time of first enteral feed, infant morbidity, between hospital transfers, and infant morbidity were not associated with exclusive BMF at discharge.
| Unit policies and BMF at discharge
A majority of the included units had written BMF policies, and 66%
(54/82) had policies to support mothers to start expressing within 6 hr after birth. More than half of the units did not use donor milk, 28%
(23/82) had a Baby Friendly Hospital (BFH) accreditation and 15%
(12/82) were in the process of applying for a BFH accreditation (Table 1) . Adjusted analysis showed a higher chance of the infant receiving any BMF in units with a BFH accreditation, but other investigated unit policies were not associated with any BMF at discharge (Table 4 ).
In analyses of exclusive BMF, being admitted to a hospital with BMF protocols and donor milk provision was positively associated with the infants' likelihood of exclusive BMF at discharge. Individual support and BFH accreditation were not associated with exclusive BMF (Table 4) .
| Breastfeeding at breast at discharge
Among 3,826 infants receiving any BMF at discharge, 67.8% (2593) were breastfeeding at breast. There were large variations between the regions with the highest at breast feeding rates in the Stockholm region-Sweden, 92.5%-and Eastern region-Denmark, 84.9%. The lowest rates were seen in Marche--Italy, 15.5%--and Saarland--Germany, 21.7% ( Figure S2 ). 
| DISCUSSION
In this cohort of very preterm infants born in 19 regions in Europe, we found that it is possible to achieve high rates of any BMF at discharge after very preterm birth, but there were large variations between regions (36-80%), both across and within countries. Infants who received their mother's milk at first enteral feed were more likely to receive breast milk at discharge. Units that used donor milk had higher rates of exclusive BMF at discharge. Breastfeeding at the breast also varied widely between the regions (16-93%).
Some of the differences between the regions might be explained by national variations in breastfeeding culture and in the possibilities for paid maternity leave or for parents to spend time in the hospital with their baby. The length and level of payment of maternity leave influences breastfeeding rates, higher payment results in higher leave, and duration, which is positive for breastfeeding (Strang & Broeks, 2016) . Maternity leave varies across the European regions across multiple dimensions: duration, whether it is mandatory, percent compensation, the agency that provides it, and flexibility in uptake (Strang & Broeks, 2016) ; how these differences affect breastfeeding rates for very preterm infants should be investigated further.
An important factor of BMF establishment during neonatal care is the possibility to spend time in the NICU, shown to vary largely between countries in Europe (Greisen et al., 2009 ). Further, skinto-skin is the first step to breastfeeding at breast and kangaroo mother care contributes to increased breastfeeding at breast (Hurst, Valentine, Renfro, Burns, & Ferlic, 1997; K. H. Nyqvist et al., 2010; Sharma, Farahbakhsh, Sharma, Sharma, & Sharma, 2017) .
Previous studies have indicated variations in BMF among very preterm infants (Bonet, Blondel, & Khoshnood, 2010; Bonet et al., 2011) and recognized the need to explore the associations between unit practices and BMF rates after very preterm birth. In a cross-sectional study on lactation support and breastfeeding in three European regions, Bonet et al. (2015) identified different attitudes between regions towards the mother's decision to breastfeed, as well as about the benefits of mother's own milk and of donor milk.
Results from a systematic review about barriers of BMF in the NICU from a parent perspective revealed that knowledge about breastfeeding, strengthening mothers' motivation and concordance between the needs of the parents and NICU routines were factors associated with successful BMF in the NICU (Alves et al., 2013 ).
Early breast milk expression after very preterm birth is essential for increased milk production (Furman et al., 2002) , and a recent study has indicated that expression should preferably start during the first hour after birth (Hill, Aldag, Chatterton, & Zinaman, 2005; L. A. Parker et al., 2015) . High intake of mother's own milk during the first postnatal week has also been associated with exclusive BMF at 36 weeks PMA in infants born between 23 and 31 weeks of gestation (Wilson, Christensson, Brandt, Altman, & Bonamy, 2015) .
Our study showed that receiving mother's own milk at first enteral feeding was associated with a higher chance of BMF at discharge. This might reflect not only the maternal motivation but also the units' policy of early BMF support. However, results from the unit questionnaire study did not show an association between a unit policy of early expression and BMF at discharge. This finding is limited by the lack of information about when mothers actually started to express breast milk.
Furthermore, other factors are associated with the decisions to express milk and adequacy of the milk supply including grief, which can be present after very preterm birth, and the stress associated with NICU hospitalizations (Flacking, Ewald, & Starrin, 2007a; Shah, Clements, & Poehlmann, 2011; Shin & White-Traut, 2007; Spinelli et al., 2016) .
Our finding that infants born at a lower GA and infants with neonatal morbidities had a lower likelihood of receiving any BMF at discharge is consistent with previous studies (Bonet et al., 2011) . However, among infants receiving any BMF, GA and infant morbidity were not associated with the likelihood of exclusive BMF. In addition, pregnancy complications were not associated with exclusive BMF, which is in agreement with previous findings (Husebye et al., 2014) . We speculate that it might be more of a maternal decision to provide exclusive BMF, and any BMF may be driven more by the infant's clinical condition or by unit/staff policies. Our finding that multiple birth was negatively associated with exclusive BMF is a factor that needs to be taken into consideration when giving BMF support in this already vulnerable subgroup. This finding is in line with a study from Maastrup et al. (2014) .
In a study about breastfeeding competence in infants born very preterm, Nyqvist et al. showed that feeding at the breast could be introduced at 29 weeks of PMA (2008) . An in-hospital priority should be to encourage initiation and establishment of breastfeeding without delay. Unlimited visiting hours in the hospital for the mother, supporting the mother to take responsibility for the breastfeeding when the mother is ready, and semidemand feeding have been suggested to increase breastfeeding at breast (exclusive or partial) at discharge (Nyqvist, 2008) . In addition, Briere et al. described goal setting as a contributing factor for achieving breast feeding at breast after preterm birth (infants born <34 weeks GA); their study indicated that mothers who prior to birth were aiming to breastfeed for a specific duration, breastfed their infants more often at breast (2015).
Our results that units providing donor milk increased exclusive BMF rates at discharge are consistent with a recent U.S. study that showed a sixfold increased odds of receiving mother's own milk if a donor milk programme was implemented (Parker et al., 2016) . More than half of the units in our cohort did not use donor milk to feed very preterm infants. The use of donor milk positively impacts BMF overall and may be a strong signal to mothers and families that breast milk and breastfeeding is important and that the staff has a positive attitude and experience instructing mothers how to express breast milk.
In contrast to a large cluster randomized PROBIT trial in term infants (Kramer et al., 2001 ), we did not find that BFH accreditation was associated with improved exclusive BMF at discharge but improved any BMF. This may indicate that the BFHI does not sufficiently address factors that are key to obtain exclusive breastfeeding after very preterm birth, such as skin-to-skin care/kangaroo-mother care (Hurst et al., 1997; Nyqvist et al., 2010) and the importance of aiming at establishing a sufficiently high breast milk production within the first weeks after delivery to maintain exclusive BMF of the growing infant (Meier, Johnson, Patel, & Rossman, 2017) .
Nevertheless, our results stress the need to implement BFHI in neonatal units. A breast milk feeding friendly environment (BFH accreditation, written protocols for BMF and use of donor milk) influenced the chance of receiving breast milk at discharge. An expanded version of the BFHI dedicated for infants in the neonatal intensive care is a step towards awareness and support for health care professionals caring for the very preterm infant and their families (Nyqvist et al., 2013) .
The limitations of our study are that it did not include information on mother's intention/motivation to breastfeed, medication use, socioeconomic status, and smoking. All these factors have been associated with breastfeeding duration (Flacking, Ewald et al., 2007a; Flacking, Wallin et al., 2007b; Herich et al., 2017; Perrella et al., 2012) . BMF at discharge was investigated without differentiating between mother's own milk and donor milk, although it is most unlikely that infants would be discharged home on donor's milk, we cannot exclude that this occurred in a few cases.
We were unable to adjust socio-economic factors and therefore the associations between individuals' characteristics, unit policies, and BMF might have suffered from residual socio-economic confounding. Another limitation is that we did not include maternal pre-pregnancy BMI and maternal diabetes. Because these are risk factors for both preterm birth and poor lactation outcomes (Goldenberg, Culhane, Iams, & Romero, 2008; Matias, Dewey, Quesenberry, & Gunderson, 2014) , there may be residual confounding.
In some regions, the unit questionnaire was administrated prior to the inclusion of the cohort study ended, which could have made it possible to change policies and practices during the time of inclusions introducing misclassification of the exposure. This would lead to a bias towards the null.
We did not find that having a dedicated staff influenced BMF at discharge. This may be related to the fact that this and the advice of early expression are implemented and applied in practice differently across countries. These questions were not standardized and therefore not able to detect any differences in type and timing of support as in contrast to the BFHI question being a standardized working tool regardless of setting.
Despite these limitations, our study included a large European cohort with prospectively collected data and examined both individual level and unit level characteristics that might influence the receipt of breast milk among very preterm infants.
Our study showed that having a BMF protocol was associated with a higher chance of infants receiving exclusive BMF at discharge.
This indicates that policies are translated into practice of breastfeeding support. However, the availability of dedicated lactation personnel did not influence BMF at discharge. This might be explained by the fact that we were not able to differentiate what actual support was provided by lactation personnel, that is, what was communicated to the mothers. BMF support can be influenced by staff preferences and unit norms, resulting in inconsistent and not always effective feeding strategies in the NICU (McInnes, Shepherd, Cheyne, & Niven, 2010) . Multidisciplinary nutrition and lactation teams engaged in the work of implementing protocols has showed higher rates of mother's own milk received at discharge from NICU (Meier et al., 2017) .
Given the benefits of breast milk for the very preterm infant, clinicians need to provide information and education about breast milk/breastfeeding to parents in order to promote informed decision making. In addition, it is important that the maternal and neonatal units offer support to mothers who aim at breastfeeding. It is not ethical to inform the parents about the benefits of breastfeeding without giving the tools to support and realize their breastfeeding goals.
| CONCLUSION
The large variations in BMF across regions in Europe illustrate the high potential for improving breastfeeding rates in very preterm infants.
This study confirms the importance of early breastfeeding support and acknowledges the impact of having a breastfeeding friendly environment to improve BMF at discharge thereby illustrating the key role that the NICU can play in achieving this goal.
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